no staining at all. The cells involved in the specific reaction appeared to be those of the lymphocytemonocyte-plasma cell types, as shown when stained by the May-Grunwald-Giemsa method. Preparations stained by the methyl green-pyronin technique revealed an increase in the pyrinophilic cells in the preparations from the immunized birds, thus demonstrating increased amounts of ribonucleic acid in these cells, which in turn is consistent with the presence of antibody globulin. Specificity of the reaction was confirmed also by (i) staining antibody-coated E. coli 0111 organisms with the conjugate, (ii) precipitin reaction with specific antibody, and (iii) specific agglutination with circulating antibody from the immunized birds.
Many reports of the use of immunofluorescent techniques to demonstrate the sites of antibody formation and the types and numbers of cells involved used human and animal globulins and albumins as the antigen (Sercarz and Coons, 1963 ; Elves et al., 1963; Patterson and Suszko, 1963; Mellors and Korngold, 1963; Urso and Makinodan, 1963; Dixon and McConahey, 1963) . Because these proteins, which can be obtained in a relatively pure state, are readily amenable to conjugation with the fluorescent dyes in use today, the demonstration of the presence of antibody-producing cells in vivo and in vitro can be readily accomplished, once the system has been evaluated, by both direct and indirect staining methods. Fewer reports exist on the use of bacterial preparations. McGavran et al., 1962 and WVhite et al., 1962 , using a sonically treated bacterial antigen and the indirect staining technique, demonstrated the presence of specific antibody-producing cells in lymphoid tissues from monkeys vaccinated with the whole bacterial cells. The main complication in this latter type of investigation is the complexity of the bacterial cell proteins and the question as to whether they can be conjugated to the fluorescent dyes to be used in a direct staining procedure.
There certainly exist situations where it would be an advantage to use a direct staining procedure with conjugated bacterial antigens. Information with respect to the sites and modes of movement of cells involved in the production of protective antibodies would be very worthwhile. Also, as was shown in studies with Bordetella pertussis (Eveland, unpublished data), the manipulations inherent in indirect staining procedures may disrupt cellular preparations to the point where critical antigenic structures in specific cells cannot be observed in situ. This report deals with the preparation and use of a sonically treated bacterial preparation, conjugated with fluorescein isothiocyanate, and used to stain preparations containing antibody-producing cells.
MATERIALS AND METHODS
Escherichia coli 0111 organisms grown in Roux bottles containing Trypticase Soy Agar with an overlay of 5 ml of Trypticase Soy Broth were harvested with buffered saline (pH 7.2). After one wash in buffered saline (pH 7.2), the organisms were resuspended to obtain a concentration of approximately 300 billion organisms per ml by turbidimetric measurement. Sonic treatment in a Raytheon sonic oscillator (250 w, 10 kc) for 1 hr at full power reduced the viable organisms to about 35 billion per ml. The sonically treated material was then spun in a refrigerated centrifuge for 30 min at 2,750 X g to remove most of the debris of the ruptured cells as well as the unruptured viable cells.
Conjugation of the supernatant fluid was accomplished by two methods. Either Clark and Shepard's (1963) method or a modification of it was satisfactory. The modification consisted of the use of a smaller amount of the fluorescein isothiocyanate dye (0.025 mg per mg of protein) in the buffer in which the dialysis sac, containing the antigen, was rotated. All preparations were finally clarified by passage through a Sephadex G-50 column.
Protein determinations were made on the supernatant fluid prior to conjugation by the Folin-Ciocalteau phenol reagent method. Values varied from lot to lot with most showing from 4 to 8 mg of protein per ml.
Chickens known to be negative for E. coli 0111 agglutinating antibodies were used to obtain spleen cells, as described by Patterson and Suszko (1963) . Each series of experiments contained one nonimmunized bird and one bird immunized with sonically treated E. coli 0111 supernatant fluid. One immunizing dose of 1.5 ml of the antigen described above (6 to 12 mg of protein) was given in a wing vein, and 5 days later the birds were killed by exsanguination. Serum was collected from this bleeding and was used along with the preimmunization bleeding to check for the presence of circulating antibody by agglutination tests, with the use of whole-cell antigens. The spleen was removed and was finely chopped; the resultant mixture was washed by centrifugation at low speed three times in Hanks solution and once in 50% Hanks solution and 50% 199 medium (Microbiological Associates, Inc., Bethesda, Md.) containing 15% chicken serum. The spleen cells, suspended in 199 medium containing 15% chicken serum, were then dispensed into petri dishes containing cover slips. They were incubated in an atmosphere of 5% CO2 at 37 C. Cover slips were removed at intervals of 1, 24, and 48 hr, fixed with acetone for 10 min at room temperature, and air-dried thoroughly before staining. The cover slips were then stained with the conjugated antigen for 20 min at room temperature, washed for 10 min in phosphate-buffered saline (pH 7.2 to 7.4), mounted with buffered glycerin, and examined under a microscope. A Zeiss microscope with an HBO-200 light source, a BG-12 exciter filter, and OG-4-GG-4 barrier filter combination was used.
Coverslip preparations were fixed in methyl alcohol before use of May-Grunwald-Giemsa (MGG) stain, and in formalin-acetic acid-alcohol before methyl green-pyronin (MGP) stain.
The specificity of the conjugate was tested with a known E. coli 0111 antiserum by a capillary pipette technique.
Agglutination tests, with an E. coli 0111 somatic antigen, were done on preimmunization and postimmunization sera by usual standard laboratory procedures (Edwards and Ewing, 1962) .
RESULTS
In Fig. la and b are shown the results obtained from highly fluorescent areas of the 1-hr tissue culture cover slips. The preparation from the immunized bird showed numerous cells which exhibited a very brilliant fluorescence in the cytoplasm. Certain cells showed highly fluorescent globular areas, whereas in others only a diffuse staining of the cytoplasm appeared. Many cells were seen which did not stain at all or showed only a slight fluorescence in the perinuclear area (Fig. ld) . No nuclear staining was observed. Cells from the control animal showed no staining at all (Fig. lc) . Examination of the MGG-stained preparations showed that most of the cells which had adhered to the cover slips were of the lymphocyte-monocyte series (Fig.  2a) . On occasion, certain cells resembled the classical plasma cell. Examination of the MGPstained preparations showed a larger number of pyrinophilic cells in the immunized bird than in the uninoculated one (Fig. 3a) . This pyrinophilic staining was diffuse in some cells, whereas in others it often appeared as a rather circumscribed mass or globule which gave the impression of concentrated areas of ribonucleic acid (RNA) in the cells (Fagraeus, 1948 (Fig. 2b, c) . Again, it was observed that the MGP-stained cover slips showed an increased number of pyrinophilic cells in the preparations from the immunized bird (Fig. 3b,c (Fig. 4) To demonstrate further the presence of developing antibody in the immunized birds, agglutination tests were done with serum taken prior to immunization in comparison with that collected at the time of killing. None of the birds used showed any circulating antibody to E. coli 0111 prior to immunization, and the nonimnmunized birds did not develop any titers during the course of the experiment. On the other hand, the immunized birds developed titers of 1:640 to 1:1,280 with the specific antigen.
DIscussION
At the beginning of this work, it was not known whether the fluorescein isothiocyanate would attach to the proteins present in a sonically treated bacterial cell preparation. Analysis of the proteins of Listeria monocytogenes by Tubylewicz (1963) had shown the presence of the amino acids lysine, tyrosine, and histidine in this fraction. Because most analyses of E. coli organisms had shown a rather high protein fraction (Spector, 1956) , it was hoped that the critical amino acids would be present to which the dye could be attached. Earlier studies had shown that the most likely attachment of the fluorescein dye was to the epsilon amino group of the lysine residue (Gurin and Clarke, 1934; Hopkins and Wormall, 1934; Creech and Jones, 1941) . Certain other fluorescent dyes were shown to attach to the phenolic moiety of tyrosine and histidine (Boyd and Hooker, 1934) . Thus, it is felt that a specific attachment occurred in this case, because after conjugation the dye remained attached to the preparation and did not dialyze out. Furthermore, the specificity of the reaction obtained in using the preparation for a direct immunofluorescent procedure seems to be evident from the type of cell which was stained.
The type of reaction obtained by staining the cover-slip preparations of the immunized birds with MGP indicated that an increased formation of protein had taken place in the cytoplasm of these cells, which was shown to be correlated to the increase in the amount of cytoplasmic ribose nucleic acid (Fagraeus, 1948 
